Abstract. We solve the problem of weakly disordered interacting fermions near the flat two-dimensional Fermi surface. For this problem we develop a new angle resolved renormalization group theory that takes into account both the interactions and the disorder as functions of angular position of the electrons near the Fermi surface. The model is treated by the N-patch renormalization group procedure upon the effective action for the partition function for M replicas. The flow equation for the effective interaction and for the effective diffusion function (of three angles) is integrated numerically and the phase diagram is constructed. The low temperature phase is associated to the dominant eigenvalue of the diverging susceptibility. The angular dependence of the corresponding eigenvectors determines the form and the symmetry of the order parameter. The simultaneously diverging diffusion function D provides information about the effects of disorder to the low-temperature state.
Among the most important questions of modern solid state physics, one is to understand what happens with the phase diagram of the interacting electronic gas if one includes some disorder. In particular, it is interesting to know what is the low-temperature physics if we are somewhere between Mott and Anderson localisation mechanisms. Although this problem was extensively studied in one dimension [1] , there is still no satisfactory theory for the two-dimensional (2D) case. Most of quasi-one-dimensional (Q1D) and 2D superconductors currently under study are in one or another sense close to the Mott transition. Such compounds are the Bechgaard salts, κ − (BEDT − T T F) organic superconductors and cuprate high-T c superconductors (SC). Interestingly, all these compounds have a well defined Fermi surface (at least above the SC phase) with at least an imperfect nesting property, leading to enhancement of the density-wave (DW) correlations together with the superconducting ones. The N-patch renormalization group [2] has become a standard tool for studying the subtle angle-resolved interferences between the DW and SC tendencies. In this paper we enlarge the N-patch procedure to the case with impurities and interactions, taking into account the three-angles dependence of both diffusion function D and interaction vertex U. In that way we can study in a non-prejudiced way all two particle correlations together with disorder, and the interdependence between the two effects. In particular, in the pseudogap regime of the high-T c superconductor the disorder is expected to be of key importance [3] .
In this paper we report the study of the model system consisting of two parallel flat Fermi sheets. The electronic interactions depend on their momenta projections on the Fermi surface. This model has been studied by Zheleznyak et al. [4] (see also [5] ). Now we introduce disorder. In our formalism of the effective action for fermions, the disorder is included by the standard replica trick [1] . The disorder part of the effective action schematically (we drop momenta and frequencies for clarity, but it should be remembered that frequency transfers are equal to zero) reads :
where D ξ and D η are backward and forward inter-replica diffusion functions. The θ i 's are patch variables, and α and β are replica indices. Taking into account all one-loop contributions to the usual interaction U, to the diffusion function D and to the self-energy, we obtain the functional flow equations of the schematic form:
where β U and β D are bilinear functionals of interactions and disorder. We have checked our procedure by recovering four known results. (i) We reproduce Born and selfconsistent Born approximations for non-interacting disordered system. (ii) We reproduce the results of Giamarchi-Schulz [1] in the 1D limit. (iii) In the BCS limit (ie when one forgets the nesting of the Fermi surface), for non-magnetic impurities, we obtain the RG version of Anderson's theorem, while for magnetic disorder we recover the well-known Abrikosov-Gor'kov result, see Fig. 1(a) . (iv) In the pure limit, D → 0, we reproduce the results of Zheleznyak et al. [4] (see the continuous curve on Fig. 1(b) ).
Some new results are visible on Fig. 1(b) , where we show the critical temperature of the different phases, as a function of the imperfect nesting. Increasing the disorder leads to a rapid diminution of the critical temperature for the onset of both the SDW and the d-wave SC, which is in agreement with other calculations (see for example [6] ).
In conclusion, we studied the phase diagram of interacting 2D disordered fermions as function of the imperfect nesting parameter. This study was achieved thanks to the N-patch renormalization group. We were able to check our method by recovering some known limiting cases. Our theory is the first to treat the interfering Cooper and Peierls renormalization channels on the same footing with the Anderson localization tendencies in more than one dimension. In the case of a nearly flat Fermi surface, it reproduces the extreme sensibility of d-wave SC to the presence of non-magnetic impurities.
